Introduction
As firms and industries take advantage of differences in production costs and technologies across countries, their supply chains have become global. Increasingly, firms and industries depend on accessing imports of goods and services to improve productivity and competitiveness (OECD, 2012) . 1 Altomonte and Ottaviano (2011) , for instance, find that the competitiveness of firms and industries is positively associated with international production-sharing and purchases of imported intermediate inputs. In addition, the literature on international R&D and technology spillovers since Coe and Helpman (1995) has found that through the import of intermediate inputs, foreign technical progress contributes to the productivity growth and international competiveness of domestic industries.
However, the rise of global production poses challenges to analyses of countries'
competitiveness. Measures such as gross exports are based on the assumption that all production activities take place in individual economies, and are, therefore, less informative for the policy debate. Consequently, new measures are being developed. For example, Johnson and Noguera (2011) and Koopman et. al. (2012) propose a measure of domestic value-added content of exports. Timmer et. al. (2012a) and van Ark et. al. (2013) propose a measure of "global value chain income" that is based on the value-added by countries along the international production chain.
Similarly, the current measure of multifactor productivity (MFP) growth fails to capture the impact that productivity gains in the production of intermediate inputs have on the productivity gains of domestic industries. 2 This is because it measures only gains originating in a particular industry. On the other hand, an alternate measure-the effective rate of MFP growthcaptures the impact of productivity gains in upstream industries (at home and abroad) supplying intermediate inputs on the growth and international competiveness of a domestic industry. This paper argues that the latter is a more appropriate measure of international competiveness.
The effective rate of MFP growth was proposed by Domar (1961) , Rymes (1971 ), Hulten (1978 , Cas and Rymes (1991) , and has been used in a number of studies (Durand 1996; AulinAhmavaara 1999) . However, in those studies, the measure was developed in a closed economy.
This paper extends that work to develop an effective MFP growth measure in an open economy, in which industries and firms source their intermediate inputs both domestically and abroad.
Rymes (1971) and Hulten (1978) contend that the evolution and growth of a sector are reflected in the effective rate of MFP growth, which captures the impact of productivity gains in earlier or upstream stages of production on the final sector, rather than just the gains originating in a particular sector, which are captured by the standard industry MFP measure that are currently produced.
The two measures serve different purposes. If the focus of analysis is the efficiency with which domestic industries use inputs in production, standard MFP growth, which considers industries in isolation, is the proper measure. However, to assess the competitiveness and growth of industries, the appropriate measure is the effective rate of productivity growth, which assesses the gains along the entire chain involved in producing goods and services for final use. The effective rate of productivity growth is also useful for understanding international competitiveness, because, as will be shown, it is more closely related to export growth and product prices. This paper has a number of objectives.
3 The effective MFP growth can be thought of as measuring productivity growth in the production of goods and services while standard MFP growth measuring productivity growth in the production of individual industries.
First, it provides estimates of the effective rate of productivity growth for the production of final goods and services in Canada, the United States, Australia, Japan and selected EU countries over the 1995-to-2007 period. It estimates the effective rate of MFP growth in the production of consumption goods, investment goods, and exports and compares the rates in those countries.
Second, the effective rates of productivity growth are decomposed into the contributions of individual countries and industries to determine the origins of the gains and to examine the contribution of trends toward sourcing intermediate inputs abroad or offshoring to productivity growth. 4 Third, the correlation between the effective rate of productivity growth and the price of output across industries is estimated and compared with the correlation between standard MFP growth and product prices across industries. This demonstrates that the effective rate of productivity growth is a more informative measure of competitiveness, compared with standard MFP growth.
This paper is related to previous studies of differences in MFP growth in the production of investment and consumption goods and their implications for economic growth. Oliner and Sichel (2000, 2002) and Oliner, Sichel, and Stiroh (2007) constructed a measure of MFP growth for the production of final demand goods and services in the United States, with a focus on the role of production of ICT investment goods. The measure in those papers can be thought of as the effective rate of MFP growth for the production of investment goods and other final demand commodities. However, those papers assume that combined input growth is the same for the production of different types of final demand products. By contrast, the present study shows that a measure of effective MFP growth in the production of investment goods and consumption
4. This paper considers only the impact of productivity gains in foreign intermediate inputs on productivity growth in the domestic production of final demand products. It does not consider the effect of gains in the production of imported capital on domestic production. Such analysis requires a departure from the standard growth accounting framework by treating capital as produced goods, as in Cas and Rymes (1991) and Durand (1996) . In the standard growth accounting framework, the effect of imported capital is captured through its effect on labour productivity growth from capital deepening.
goods must account for differences in the growth of capital and labour inputs used directly and indirectly in their production.
The present study is also related to a paper by Basu and Fernald (2010) that estimated MFP growth in the production of investment and consumption goods for the United States. Similar to this paper, Basu and Fernald (2002) estimated MFP growth for the production of investment and consumption goods as the difference in output growth and the growth in combined capital and labour inputs embodied in their production. However, they captured the impact of productivity gains from imports on domestic production through the terms of trade. By contrast, in this analysis, the treatment of productivity gains from imports follows the traditional growth accounting framework as developed (Jorgenson and Griliches 1967; Diewert 1976) ; productivity gains in intermediate imports are calculated as the difference between import growth and the combined input growth used in foreign countries to produce the imports.
In the past, Statistics Canada has calculated the effective rate of productivity growth using a measure called the inter-industry productivity growth estimate (Statistics Canada 1994 , Durand 1996 . Based on that measure, Gu and Whewell (2005) showed that after implementation of the Canada-US Free Trade Agreement (CUFTA) in 1989, effective MFP growth accelerated in the production of export goods, compared with other goods and services, and thus, inferred that the CUFTA raised the productivity of Canadian industries exposed to international trade.
The rest of paper is organized as follows. Section 2 presents the methodology for constructing the effective rate of MFP growth. This requires the world I-O tables and the World KLEMS database, which became available as a result of two major international initiatives:
World IO and World KLEMS. Section 3 describes the data used for empirical analysis. Section 4 focuses on the decomposition results and presents empirical evidence that the effective rate of MFP growth is more appropriate as a measure of industry competiveness for Canada. Section 5 concludes the paper.
Methodology
Introduced by Hulten (1976) , the concept of the effective rate of MFP growth accounts for the fact that efficiency and competitiveness in producing final demand products (for instance, automobiles) depend not only on technical change originating in a particular sector, but also on technical progress in the production of intermediate inputs to the sector (such as steel, rubber and plastics).
The effective rate of productivity growth measures technical progress in an integrated production processes or production sector. The concept of an integrated production sector for estimating the effective MFP growth was introduced by Domar (1961) . The integrated production sector includes the industry directly involved in producing the final demand output and all upstream industries producing intermediate inputs used in the production of final demand output. The output of the integrated production sector is the final demand output delivered to final demand uses such as consumers, businesses, government and exports. Input for the integrated production sector includes not only capital and labour directly employed in the production of final goods, but also those employed indirectly in industries that produce intermediate inputs. Hulten (1976) shows that the weighted sum of the effective MFP growth rates across final demand sectors is equal to standard MFP growth in the total economy. 5 The weights for the aggregation are estimated as the nominal share of final demand output in total nominal value of final demand and sum to one. By contrast, in the Domar aggregation of standard MFP growth across industries, weights are estimated as the ratio of industry gross output in total value of final demand, and sum to more than one, because part of industry gross output is used as intermediate inputs (Domar, 1961) .
5. This is true only in a closed economy, where the industries purchase intermediate inputs only from other domestic industries, as shown in section 2.
While the term "effective rate of MFP growth" was introduced by Hulten (1976) , the distinction between the effective rate of MFP growth and standard MFP growth is also apparent in the Domar aggregation of industry MFP growth. Domar (1961) showed that the contribution of an industry to aggregate MFP growth in the production of final demand outputs depends not only on its direct contribution to gains in the production of final demand outputs, but also on an indirect contribution through productivity gains for intermediate inputs used by other industries.
The rest of this section presents an example of a production process adapted from Domar to illustrate the difference between effective and standard MFP growth. The effective rate of MFP growth is then presented using the IO production framework, and is shown to be more closely related to the competitiveness of industries.
An example
This example is taken from Domar (1961) . Let an economy consist of two industries. The two industries have the following production function with constant return to scale:
Standard MFP growth for the two industries, which measures shifts in the production function, can be estimated as:
 in the two equations are the nominal share of capital, labour and intermediate inputs in the value of total gross output, averaged over two periods.
Substituting (2) into (1) yields a production function for an integrated production process that relates capital inputs and labour inputs to the production of final goods. Taking logarithms of the resulting production function for the integrated production process and differentiating with respect to time, the effective rate of MFP growth for the production of final goods is obtained:
The effective rate of MFP growth for a particular integrated production sector is the weighted sum of MFP growth in the two industries that comprise the integrated production sector that processes the final goods, where the weights are the ratio of industry gross output to the value of output of final product. This is the Domar aggregation.
The effective rate of MFP growth in equation (5) (Hulten 1976) . To simplify the calculation, Cas and Rymes (1991) , Durand (1996) , and Aulin-Ahmavaara (1999) assume that the production function can be characterized by Leontief technologies (Leontief,1936 (Leontief, 1941 .
Using the input-output framework, they show that the weights can be derived using the "Leontief inverse." The effective rate of MFP growth in those studies is estimated in a closed economy. A fundamental accounting identity is that total use of output in a row equals total output of the same industry as indicated in the respective column. Using the matrix notation as outlined above, this can be written as: 
6. We use lower case letters to denote column vectors and upper case letters to denote matrices.
where i x represents column vector of dimension S with production levels in country i, and i y is column vector of dimension S with global final demand for the product of country i. This inputoutput system can also be written in a compact form:
Rearranging Equation (8), we have the fundamental input-output identify:
where I is an (SNxSN) identity matrix with ones on the diagonal and zeros elsewhere. Standard MFP growth, estimated using the growth accounting framework, is estimated as the difference between output growth and the combined growth of capital, labour and intermediate inputs.
Effective MFP growth in producing final product n can be calculated as the difference between the difference in the growth in the output of final product and the growth in the combined capital and labour inputs used directly and indirectly to produce the final product, where the weights are shares of direct and indirect capital and labour costs. 
in which a hat indicates a diagonal matrix with the elements of c on the diagonal.
The calculation method outlined above can be used to estimate the quantity and costs of direct and indirect labour inputs and the costs of direct and indirect labour costs used for the production of a particular final product n.
The effective rate of MFP growth denoted by scalar n e for the production of the output of final product n is then estimated as:
where the ' symbol denotes the transpose of a vector, i is an SN summation vector of ones, nk s is an SN vector of total capital cost shares in total costs, and nl s is an SN vector of total labour cost shares in total costs.
The effective rate of MFP growth for the production of final product can be estimated as a function of standard MFP growth (Cas and Rymes 1991 , Durand 1996 , and Aulin-Ahmavaara (1999 :
As discussed above, column n of the Leontief inverse with dimension SN gives the total production values of S sectors in N countries for the production of one unit of output of final product n. The effective rate of MFP growth for production of final product n shown in equation (12) is the weighted sum of standard MFP growth of the SN sectors, where weights equal to the total production values of S sectors in N countries for the production of one unit of output of final product n. Because the sum of value added in the total production is equal to the value of output of the final product (Timmer et al. 2012b) , the sum of weights used for aggregation in equation (13) exceeds one. This is similar to Domar aggregation (Domar 1961 , Jorgenson et al. 2007 ).
Equation (12) also decomposes the effective rate of MFP growth into a portion coming from domestic industries and a portion coming from foreign industries. The weighted sum of standard MFP growth over all sectors in a region represents the contribution of that region to the effective MFP growth in the production of final product n.
The effective rate of MFP growth for the production of final demand such as investment, consumption, and exports is the weighted sum of the effective rates of MFP growth across industries that produce those final demand products, where the weights for aggregation are estimated as share of industry deliveries to the final demand in the value of the final demand.
The effective rate of MFP growth for the production of total final demand is equal to standard MFP growth in the aggregate sector in a closed economy. To demonstrate this, it is assumed that there is one country (N=1) in the above framework. The effective rate of MFP growth (EMFP) for the production of total final demand is:
where   s s yy  is the column vector of S that gives the share of industry deliveries to the final demand in the value of the final demand. Substituting (9) in equation (13), yields:
In a closed economy, the value of final demand is equal to the sum of value-added across industries. The term on the right of the equation is the Domar aggregation of standard MFP growth across industries, where the weights are given as the ratio of industry gross output to aggregate value-added. Because the Domar aggregation of standard MFP growth across industries is equal to standard MFP growth in the total economy, Equation (14) provides a proof that effective MFP growth for the production of final demand is equal to standard aggregate MFP growth in a closed economy. will be lower if productivity growth is lower in the foreign production of intermediate inputs.
Multifactor productivity growth and international competiveness
International competiveness can be defined as the relative output price between two countries (Jorgenson and Nishimizu 1978 , Ball et. al. 2010 , Lee and Tang, 2000 . The international competitiveness of a domestic industry improves when its the output price declines relative to that in other countries. To be a good indicator of international competiveness, MFP growth should be significantly and negatively correlated with the change in output price.
In previous empirical studies, the standard estimate of MFP growth has been negatively related to the change in output price across industries. For example, Baldwin et al. (2001) found 7 The discussion also shows that the effective MFP growth for the production of final demand products in a closed economy is equal to aggregate MFP growth calculated from aggregation of industry MFP growth or the bottom-up approach. For a discussion about the bottom-up approach as compared to the top-down approach, see Jorgenson et al. (2007) , Diewert (2012) , Gu (2012) , and Schreyer (2012).
that Canadian industries with relatively high productivity growth rates are also those whose output prices fall relative to the aggregate price deflators. In this paper, it is argued that the correlation of output price changes with effective MFP growth tends to be stronger than its correlation with standard MFP growth. This is interpreted as evidence that effective MFP growth is a more informative measure of international competitiveness.
To see why this is the case, the dual approach for measuring productivity growth is used (for a survey, see Diewert 1987) . According to the dual approach, MFP growth is the difference between changes in input prices and changes in output prices. Alternatively, changes in output prices can be written as the difference between changes in input prices and changes in MFP from the dual approach:
,, ln ln ln , example, the price of semiconductors fell dramatically because of rapid technical progress in their manufacture.
Effective MFP growth in producing a product can be estimated as the difference in changes in the prices of capital and labour inputs used directly and indirectly in production and changes in the output price. The strong correlation (close to minus one) between standard MFP growth and output price changes requires only the assumption that the prices of capital and labour inputs are invariant to or uncorrelated with MFP growth; it does not require the assumption that the The EU KLEMS provides data on economic growth and productivity for 25 of the 27 EU member states, as well as for Australia, Canada, Japan and the United States. It covers as many as 72 industries from 1970 to the present. The gross output measure of productivity is used in this paper. In cases where this measure is not available, it was derived by using value-added productivity adjusted by a ratio of value-added to gross output.
The industrial classification in the WIOD and the EU KLEMS databases are consistent with the European NACE 2 industry classification. Linking the two industry lists in the two databases yields a final total of 31 industries. Based on the availability of productivity data in the EU KLEMS, six country categories were defined: Canada, the United States, Australia, Japan, the EU, and the rest of the world (ROW). The EU group includes only the 10 member countries for which productivity measures are available: Austria, Belgium, Denmark, Finland, France, Germany, Italy, The Netherlands, Spain, and The United Kingdom. Because of the unavailability of data, productivity growth for the rest of the world is assumed to be zero. This assumption does not affect the main results in the study, because trade with the rest of world accounts for a small share of total trade for Canada, the United States, Australia, Japan, and the EU. 9 The import proportionality assumption used in the construction of world input-output tables improves upon the more restrictive proportionality assumption employed in previous studies. Those studies apply a product's economy-wide import share for all use categories, which, as shown in Feenstra and Jensen (2012) and Baldwin et al. (2014) , can generate biased estimates.
Empirical evidence
This section presents estimates of effective MFP growth in the production of final demand products for Canada, the United States, Australia, Japan, and selected EU countries during the 1995-to-2000 and 2000-to-2007 periods. These periods were chosen because pre-and post-2000 economic conditions varied sharply: the 1990s were marked by strong growth, but after 2000, most of these countries experienced deep recessions.
Country origins of intermediate inputs
The extent to which production in the various countries/regions is globally integrated puts 12% for Australia, 7% for Japan, 10% for the EU countries and 13% for the rest of the world (Table 1) . Canada is highly integrated into upstream industries in the United States, from which it imports an average of 14% of all its intermediate inputs.
Standard versus effective multifactor productivity growth for the total economy
Standard and effective MFP growth estimates in the production of final demand products differ by country/region ( To examine the size of the bias, effective MFP growth is re-estimated based on the assumption that MFP growth in the rest of world equaled that in American industries (Appendix Table 11 ). Under this assumption, the estimate of effective MFP growth rose by about 0.1 percentage points, and exceeded standard MFP growth in all countries except Japan.
Country origins of multifactor productivity growth in total economy
To determine the extent to which nations have benefited from productivity growth abroad, effective MFP growth in the production of final products is decomposed into contributions of countries (Table 3) . Domestic gains were the main driver of productivity growth, but differences across countries and time periods were sizeable. For some nations, the country origins of MFP growth changed over time. Canada's withincountry contribution declined from three-quarters in the pre-2000 period to around one-third after 2000, as the contribution from the United States rose from about one-fifth to just over half.
By contrast, for the United States, the within-country contribution accounted for almost all productivity growth in both periods.
Canada benefited more from productivity gains in the production of intermediate inputs in
foreign countries than did the United States, Australia, Japan or the EU countries. This was because Canada imported a larger share of intermediate inputs than did those countries, and productivity growth in the foreign supplier industries (notably, the United States) was higher.
Multifactor productivity growth by final demand categories
Productivity growth and technical progress for the production of investment and consumption products have had different economic trajectories over time. For example, Basu and Fernald (2010) found that in the United States, productivity growth for investment products was negatively related to increases in hours, investment, consumption and output, whereas productivity growth for consumption products was positively related to increases in those variables.
Productivity growth tended to be higher in the production of investment and export products than in the production of consumption products (Table 3) . 10 11 For instance, in the United States, MFP growth in the production of investment, export and consumption products was 1.6%, 3.2% and 0.8%, respectively, in the pre-2000 period, and 0.04%, 2.1% and 0.4% after 2000. This can be attributed to relatively high productivity growth in industries that produce investment and export products (such as electrical and optical equipment, transport equipment), 10. Basu and Fernald (2010) found similar results for the United States. 11. Effective MFP growth for the production of final demand products is the weighted sum of effective MFP growth across industries using nominal share of industries in total final demand products as weights. The industry shares of final demand products are presented in Appendix Tables 3 and 4. and slower growth in consumption-producing industries (such as real estate activities, public administration and health/social work) (Appendix Tables 12 to 15 ).
The country origins of productivity gains differ across consumption, investment, and export products (Table 3 ). In general, technical progress and productivity growth in foreign countries made a larger contribution to production growth in investment and export products than in consumption products. This was because industries producing investment and export products are more integrated with industries in foreign countries and tend to have higher productivity growth than do consumption-product industries. For example, during the 1995-to-2000 period, technical progress in foreign industries contributed 0.14 percentage points to productivity growth for consumption products in Canada, but 0.47 and 0.37 percentage points to productivity growth for investment and export products.
4.5
Offshoring and multifactor productivity growth
Effective MFP growth differs in the production of goods and services (Tables 4 and 5 States, productivity growth tended to be higher in the production of services, an outcome often attributed to the adoption of information and communication technologies (Jorgenson et al. 2007; van Ark 2008) .
As a result of declining communications cost and trade costs, outsourcing and offshoring have increased in developed countries over the last 20 years (Baldwin and Gu, 2008) . Industries in developed countries purchase growing amounts of service and material intermediate inputs from other domestic industries (outsourcing) and from foreign countries (offshoring).
To examine the contribution of offshoring to productivity growth, the foreign and domestic 
Multifactor productivity growth by industry in Canada and the United States
This section presents estimates of standard and effective MFP growth by industry for Canada (Tables 6 and 7 ) and the United States (Tables 8 and 9) . At the industry level, effective MFP growth tended to be higher than standard MFP growth.
Tables 6 to 9 also show effective MFP growth for Canadian and American industries by the domestic and foreign contribution. Productivity gains in foreign countries made a larger contribution to effective MFP growth in manufacturing than non-manufacturing industries. This reflects the higher degree of integration of manufacturing industries into the world economy.
Productivity growth and international competiveness
It can be argued that the effective rate of productivity growth calculated at the industry level is a more appropriate measure of international competitiveness. It is hypothesized that the coefficient 1  on the effective MFP growth variable will be close to minus one than the coefficient 1  on the standard MFP growth variable. R-squared should be higher for the regression on effective MFP growth.
The results in Table 10 show that, except for the EUcountries, the R-squared from the regression on effective MFP growth ( 1  ) is higher than the R-squared from the regression on standard MFP growth ( 1  ). For the EU countries, the R-squared is similar for the two regressions. The greatest improvement in R-squared is for Canada-R-squared increased from 0.17 for the regression on standard MFP to 0.32 for the regression on effective MFP.
The evidence from the coefficient estimates on the MFP growth variables for Canada, the United States and Japan is consistent with the hypothesis that effective MFP growth is a better indicator of international competitiveness. The correlation between effective MFP growth and change in output price is closer to minus one than is the correlation between standard MFP growth and change in output price. For example, the correlation of output price with effective MFP growth is -0.95 across Canadian industries; the correlation with standard MFP growth is -0.78.
Nonetheless, the results vary across countries. For Australia, the correlations with output price are similar for effective and standard MFP growth rates. For the EU countries, the change in output price is more closely related to standard MFP growth.
Conclusion
To capture the impact that productivity gains in upstream industries supplying intermediate Most of the foreign contribution to productivity growth is from imports of material inputs (material offshoring) rather than services (services offshoring). This reflects a higher share of material inputs in total intermediate imports, and relatively high productivity growth in the production of material inputs.
Technical progress and productivity growth in foreign countries made a larger contribution to MFP growth for investment and export products, compared with consumption products. This is because domestic industries producing investment and exports are more integrated with industries in foreign countries and tend to have higher productivity growth than do consumptionproduct industries.
As a result of more extensive integration of manufacturing industries into the world economy, productivity gains in foreign countries made a larger contribution to effective MFP growth in manufacturing than in non-manufacturing industries. 
